The study was carried out to determine the floristic diversity in the Sajna River valley, in the region of direct and indirect impact of the hydroelectric power station planned to be built in the village of Sarkajmy. Phytosociological diversity of plant communities and floristic diversity were analysed taking into account the predicted influence of the planned power station on the Sajna River. The study was performed in 2010 using field methods and GIS localisation of analysed sites. 73 phytosociological surveys were made and particular floristic patches were identified. Global Positioning System (GPS) surveys were used to delimit the different plant communities and spot the sites of protected plant species.
INTRODUCTION
Hydroelectric energy that use the energy of water flow, waves, ocean currents and tides is an important component of the renewable energy. Its contribution to the world power production reaches 20% [CIECHA- NOWICZ 2005] . The contribution of hydroelectric energy to the total power production in Poland is just 1.1% [GORCZYCA 2011 ]. According to the Climate and Energy Package, approved in 2008 by the European Parliament, the EU member states should increase the increase the energy produced from renewable sources up to 20% till 2020 [Directive 2009/28/ EC] . For Poland, such an increase means an increase in the number of small hydroelectric power plants to about 130 and an increase of the hydroelectric energy produced from 156.9 GWh to 188.3 GWh [CZEKAL- SKI 2008 ].
Alternative energy sources should bring a real chance to the protection of natural resources for future generations and must contribute to environmental protection in general [NOWICKI 2004] . However, the con-struction of a hydroelectric power station may considerably threaten local ecosystems, thus the interruption of the river flow and flooding by damming may bring more harm than benefits. The protection of natural resources of the river valleys are of great importance for biological diversity [MIODUSZEWSKI, OKRUSZKO 2012] . Regulation of the river banks and interference in the hydrological regime may lead to irreversible loss of biological richness and its natural variation [KARAVAN et al. 2013; ŁASKA 2009; MIO-DUSZEWSKI 2006; WARDA et al. 2013] . The aim of the study was to evaluate the current status of floristic diversity in the Sajna River valley and to estimate the potential impact of the construction of a small hydroelectric station on plant communities and species.
STUDY AREA AND METHODS
The area planned for the construction of hydroelectric power station on the Sajna River is situated in warmińsko-mazurskie voivodeship, Korsze commune, in the village Sarkajmy. The area is located north of the country road 592, Kętrzyn-Bartoszyce, at 6.0 km from the city of Korsze and about 3.0 km from the southern border of the Special Protection Area (SPAs) for birds, called Warmińska Refuge PLB280015 [Natura 2000 undated] . The Sajna River valley is partly located in the Special Protection Area of the Guber River valley [Rozporządzenie nr 157… 2008] .
The methods used in the work included field studies, geographic information system (GIS) data and global positioning system (GPS) data collection. Field surveys in the Sajna River valley were performed in two time periods: in spring (29.04-02.05. 2010) taking into account the appearance of geophytes, and in summer at the peak of the vegetation season (12-14.08.2010) . The data were collected from direct and indirect impact area of the planned hydroelectric power station (up to 250 m). The field surveys included cartographic work, phytosociological documentation of plant communities and identification of the habitat types characterised by particular plant patches. Seventy three phytosociological surveys were made using the Braun-Blanquet 6-degree coverage-abundance scale on sample plots of 200 m 2 (10 × 20 m), 100 m 2 (10 × 10 m) or 50 m 2 (5 × 10 m), depending on the size and biological diversity of the studied plant communities. Each sample plot was characterised by its vertical structure and floristic composition. The syntaxonomy of the natural vegetation units was adopted after MATUSZKIEWICZ [2001] . The natural habitats listed in the Annex I of the Habitat Directive were coded according to HERBICH [2004] .
GPS was used to locate the study sites, the areas covered by particular plant communities, which were delimited and the sites occupied by protected plant species were spotted. GIS allowed the graphical representation of the plant communities spatial distribution as a vegetation communities map.
RESULTS AND DISCUSSION

PLANNED CONSTRUCTION
The construction place of the hydroelectric station is located at 12+330 km of the Sajna River in the village Sarkajmy, the land plots no. 19-1 from Krzemity Range and no. 103 from Sarkajmy Range. A fragment of 1.25% of plot no. 19-1 (5.28 ha) will be used for the construction. The stage of fall and a three flanking pier weir 8 m wide will be built together with the first block of hydroelectric power station of the area of 90 m 2 and a 8.6 m wide 45.0 m long discharge channel. A fragment of 3.6% of the total area of 0.25 ha land plot no. 103 i.e. 90 m 2 (road) is planned to be taken for the second block of the hydroelectric power station. The hydroelectric power station will have two Kaplan turbines generating power of 0.082 MW. The ordinate of dam is 50.5 m a.s.l., while the height of damming is 4.10 m. If the hydroelectric power station of the above parameters is built, river water will make a water reservoir of the mean depth of 1.20 m, the area of 7.25 ha and total capacity of 87 000 m 3 , flooding the Sajna River valley and plant communities and arable lands near the valley. The land is partly in private hands and partly state owned [ŁASKA et al. 2010] .
The area subject to direct impact of the power station includes a section of the Sajna River bed and its flooding terrace covered with vegetation. The vegetation will be destroyed, trees along the road to the power station and along the discharge channel will have to be cut. River banks and its bottom will have to be strengthened with concrete blocks or gabions along 50 m below the dam and embankment of the water reservoir.
FLORISTIC DIVERSITY OF PLANT COMMUNITIES
Thirteen plant communities were identified in the Sajna River valley and in direct and indirect impact areas (Tab. 1) including eight herbaceous communities and five forest communities representing six phytosociological classes. Among them are five plant communities that require protection according to Natura 2000 regulations as specified in Although the catchment area of the Sajna River is typically agricultural and dominated by arable land, meadows and pastures, the area of direct impact of the planned hydroelectric power station is 90% forested and has eutrophic and valuable habitats protected within the Natura 2000 programme, specified in Annex I of the Council Directive 92/43/EEG. The greatest part of the area under the direct impact of the station (40%) is covered by Ficario-Ulmetum minoris (code 91F0-2) growing on the flooding terrace of the Sajna River, along its eastern and western banks (Fig.  1) . These are wet forests growing on highly fertile soils, developed under the influence of flowing water without stagnation tendency. The soil consists of clays, loams or clayey sands. The soil is of black chernozem type or represents certain subtypes of surface-water-gley soil and ground-water-gley soil or brown alluvial soil with deep humus horizon and deep clay horizon. The community is built by multilayer tree stand with a mean degree coverage of 80%, dominated by Fraxinus excelsior L., Ulmus gabra Huds. Ficario-Ulmetum minoris covers the lowest areas on the flood terrace, near the river bed. Above them the river banks are covered with fragments of riparian willow (5%) with Salix fragilis L. (code 91E0-1). The habitats of riparian willow strech along the river bed, on partially flooded or silt-covered ground. These forests are found in floodable area, mainly at the northern side and mid-western part of the study area, but isolated trees growing along the Sajna River can be noticed there too (Fig. 1) . The patches of riparian willow community are dominated by willow trees, mainly Salix fragilis, often represented only by dead fallen logs of old trees. Floristic composition of the herbaceous layer is characterised by high coverage (80-100%) and is dominated in general by species belonging to the classes Salicetea purpureae, Phragmitetea, Molinio-Arrhenatheretea and Artemisietea (Tab. 1). Peat bogs without water outflow and habitats of Ribeso nigri-Alnetum occupy the depressions of the Sajna River valley (Fig. 1) .
Ficario-Ulmetum minoris habitat changes into the subcontinental Tilio cordatae-Carpinetum betuli (code 9170-2) (Tab. 1). Tilio-Carpinetum grows at the foot of the upland basal moraine with glacial till, at the eastern and western side of the planned hydroelectric power station (30%), in potentially flooded area to be established after the station is built (Fig. 1) . Depending on soil moisture, the Tilio-Carpinetum community develops as different subassociations of humid oak-hornbeam forests, ecologically differentiated in Tilio-Carpinetum corydaletosum, Tilio-Carpinetum mercurialetosum and Tilio-Carpinetum stachyetosum.
The steep or very steep walls of the upland moraine from the indirect impact area of the planned hydroelectric power station, on the eastern and southwestern sides of the river bed (Fig. 1) , are dominated by calcareous slope maple forests Acer platanoides--Tilia cordata (code 9170-3) (30%). These forests grow in clayey sands rich in calcium carbonate or clay periglacial brown soil. The community is character-ised by a multispecies tree stand and the tallest layer of trees of 50% cover is dominated mainly by Acer platanoides L., Quercus robur L. and Tilia cordata Mill. Rich herbaceous layer is characterised by calcareous eutrophic oak-hornbeam wood species from the Fagetalia order and Querco-Fagetea class (Tab. 1).
The herbaceous area in the direct neighbourhood of the planned hydroelectric power station is located mostly on the southern and northern side of the river, very near to the riverbed (Fig. 1) . It comprises habitats of nitrophilic herbaceous communities and bindweeds Urtico-Calystegietum sepium (code 6430-3) (10%) on the river banks forming the ecotone between the river and forest communities (Tab. 1).
The area of indirect impact of the station, outside the area planned to be flooded in the futures, is mainly covered by arable lands, meadows and pastures (Fig.  1) . In the norther part of the studied area, there are wet meadows of Calthion palustris association (2%) and intensively cultivated grasslands representing the class Molinio-Arrhenatheretea (30%) mostly in the central part of the indirect impact area. There are also segetal communities representing the class Stellarietea mediae (9%). They are located in the central part and on western side of the indirect impact area. Small patches are covered by rush (1%) and ruderal (1%) communities accompanying human dwellings (Fig. 1 , Tab. 1).
According to the Directive of the Ministry of Natural Environment of 9 July 2004 [Rozporządzenie MŚ 2004] one species under strict protection and five species under partial protection (including two moss species) were found in the study area (Tab. 2). The planned power station and the wa-ter reservoir will destroy almost all the habitats of the valuable protected species (Fig. 1) . Tilio-Carpinetum corydaletosum/ relevés 3.8-3.9
Explanation: * -strictly protected plant species. Source: own study.
EVALUATION OF DIRECT AND INDIRECT IMPACT OF PLANNED HYDROELECTRIC POWER STATION
The planned construction of the hydroelectric power station on the river Sajna implies future formation of a water reservoir occupying an area of about 7.25 ha, which will destroy vegetation of this area. The Sajna River valley belongs to the Protected Area of the River Guber valley according to the Order no. 157 of the Warmian-Masurian Voivode of 19 Dec. 2008 and hence is under active protection of forest, grassland and river ecosystems in the area. Therefore, any investments that could have significant impact on the natural environment are not allowed there. The active protection measures include the setting of compact forest complexes and ecological corridors, conservation and maintenance of watercourses, marshes and wetland areas in a state similar to their natural one in order to increase their biological diversity. Constructions on upland edges and river terraces and any activities that might change the water regime are fully banned [BERNINGER et al. 2012; BUKOWSKI 2013; ILNICKI et al. 2010a, b] . The impact of planned hydroelectric power station and the water reservoir construction will bring the irreversible destruction of the valuable Natura 2000 habitats and sites of protected plant species. Plant communities in the Sajna valley act as an important ecological corridor providing the free flow of genetic resources of the flora and fauna [JANKOWSKA-HUFLEJT et al. 2011] .
CONCLUSIONS
The anthropogenic influence on Sajna River valley is low being reflected in the high variability of plant communities and high floristic diversity. Their existence is critically dependent on the protection of habitat conditions. Preservation of the habitats requires keeping the hydrogeological regime unchanged over the whole catchment area of the Sajna River and its whole hydrological system. The recommended activity should aim at protecting the network of migration corridors for the provision of contacts between plant and animal populations. The corridors link the Protected Area of the Guber River valley and the Sajna River with the Warminska Refuge area protected within the Natura 2000 in one ecological region.
